Developing Situation and Energy Saving Effects for Solar Heating and Cooling in China  by Ruicheng, Zheng et al.
 Energy Procedia  30 ( 2012 )  723 – 729 
1876-6102 © 2012 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of PSE AG
doi: 10.1016/j.egypro.2012.11.082 
 
SHC 2012 
Developing situation and energy saving effects for solar 
heating and cooling in China 
Zheng Ruicheng,  He Tao, Zhang Xinyu, Huang Zhulian, Deng Yu 
China Academy of Building Research, No 30 Beisanhuan East Road 
Beijing, 100013, China 
 
Abstract 
In recent years solar hot water systems, solar heating combisystems and solar air conditioning systems have been 
developed faster in China. Many demonstration projects were built and a technical supporting system including 
technical code, computer design software and design handbook has been formed. It is introduced that developing 
situation of technology for solar heating and cooling in China and energy saving effects of some demonstration 
projects in the paper. 
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1. Developing situation for solar heating and cooling in China 
1.1 Policy support 
For promoting energy saving and decreasing emission of CO2, China’s central and local governments 
issued some policies to support renewable energy application in China. The main policies are following: 
(1)  Compulsory installation for solar water heating systems: 
Policies of compulsory installation for solar water heating systems were issued in many cities and 
provinces of China from 2006. Requirements of the SWH compulsory installation in some provinces such 
as Jiangsu, Shandong Provinces etc are: solar water heating systems shall be installed in new buildings 
which are lower than 12 storeys. But the requirement of the SWH compulsory installation in Beijing is: 
solar water heating systems shall be installed in all new buildings with different solar fraction. 
(2) Subsidy to peasants in rural area: 
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The policy of giving subsidy to peasants in rural areas of China has been carried out for three years 
since 2009. The peasant who has bought a solar water heater can get subsidy from a special foundation 
supported by the Ministry of Finance of PRC. The subsidy value equals 13 % cost of SWH.  
(3)   Demonstration projects, demonstration cities and counties for renewable energy application in 
buildings:  
From 2006 China government started many demonstration projects for renewable energy application 
including solar heating and cooling, the important ones are: “ the Demonstration Items for Renewable 
Energy Application in Buildings ” ( 386 projects altogether from 2006 to 2008 ) and “ the Demonstration 
Cities and Counties for Renewable Energy Application in Buildings ” ( 74 cities and 170 counties from 
2009 to 2011 ) supported by the Ministry of Finance and Ministry of Housing and Urban-Rural 
Development of PRC. The projects, cities and counties which are approved for demonstration can get 
financial support from the Ministry of Finance and Ministry of Housing and Urban-Rural Development of 
PRC. In 2012 demonstration projects will be raised at the provincial level, some west provinces such as 
Qinghai Yunnan etc where have rich solar resources will become demonstration provinces for solar 
application and financial support will be more than before. 
(4)    Demonstration counties and cities for application of new energy resources:  
From 2010 some projects were supported by other department of China’s government, the important 
are: “Demonstration Items for Green Counties” ( 108 counties in 2010 ) supported by National Energy 
Administration, the Ministry of Finance and Ministry of Agriculture of PRC. From 2011 some new 
demonstration projects will be started, such as “Green Small Towns” and “New Energy Cities” etc. The 
counties and cities which are approved for demonstration can get financial support from the National 
Development and Reform Commission of PRC. As having government supporting, solar heating and 
cooling in China will be developed faster in the future. 
1.2 Technical support 
China has formed a technical support system for solar heating and cooling including: 
(1) National standards:  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) National standard; (b) Computer design software 
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Nowadays there are three national standards for engineering construction on solar heating which were 
jointly issued by Ministry of Housing and Urban-Rural Development and General Administration of 
Quality Supervision, Inspection and Quarantine of the P. R. China. They are two mandatory standards GB 
50364-2005 “Technical code for solar water heating system of civil buildings”, GB 50495-2009 
“Technical code for solar heating system” ( shown in Fig 1 ) and one voluntary standard GB / T 50604-
2010 “Evaluation standard for solar water heating system of civil buildings”. But the national standard for 
engineering construction on solar cooling was still in approval procedure. 
(2)    Computer software:  
“Design Software for Solar Heating and Cooling Systems” is developed by China Academy of 
building Research ( CABR ) and it was one of the tasks of China’s national research projects. The 
software can be used for design of solar water heating systems, solar heating combisystems and solar 
cooling systems. The starting surface of the software is shown in Fig.1. 
(3)    Design handbook:  
There are three important design handbooks on solar heating have been published in China in these 
years. They are “Technical guidebook for solar water heating system of civil buildings”, Zheng Ruicheng, 
China Chemistry Industry Press, 2006 which is compiled according to national standard GB 50364-2005 
( shown in Fig 2 (a) ), “Technical handbook for solar heat supply & space heating”, He Zinian, Zhu 
Dunzhi, China Chemistry Industry Press, 2009, “Technical handbook for solar heating”, Zheng Ruicheng, 
Lu Bin, Li Zhong, He Tao, China Architecture & Building Press, 2012 which is compiled according to 
national standard GB 50495-2009 ( shown in Fig 2 (b) ). 
           
Fig. 2. (a) Handbook for solar water heating systems; (b) Handbook for solar heating combisystems 
2. Introduction for typical demonstration projects 
As having central and local government’s financial support many demonstration projects for solar 
heating and cooling have been built in China in these years. Four typical projects will be introduced in the 
paper. 
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2.1. Solar water heating system in Din Xiu Xin Yuan Residential Quarter of Tianjin City ( No.1 ) 
 
Fig. 3. Solar collectors which are installed on the roofs of residential buildings in Din Xiu Xin Yuan Quarter 
This solar water heating system is for hot water supply to residents who live in 26 tall residential 
buildings. The system should supply 80 L, 50ć hot water to each family every day. Solar collector used 
in the system is heat pipe evacuated tube collector and the total collector area of the system is 3148.1m2 
which are installed on the roofs of 26 tall residential buildings. The slope angle of collector installation is 
39o. The system type is closed and indirect system using freeze-resistant liquid. One 80 L water storage 
tank is installed in washing room of every family and one 1.5kW electric heater as auxiliary heat source in 
the water tank.  
In November, 2010 National Center for Quality Supervision and Testing of Solar Heating Systems 
(Beijing) tested the thermal performance of the system which is installed in No. 23 residential building 
which is 11 storeys and has 44 families. Total solar collector areas in this building are 59.08m2. Testing is 
done for 4 days having different solar daily irradiation and solar daily irradiation is H˘8MJ/m2, 8İH˘
13MJ/m2, 13İH˘18MJ/m2, Hı18MJ/m2 respectively in these 4 days. From the testing data energy 
saving effect in one year can be computed and analyzed. 
2.2. Solar heating combisystems with short-term heat storage in the peasant houses at Guajiayu village of 
Pinggu District in Beijing ( No.2 ) 
There are 71 houses where installed solar heating combisystems in the village. The range of building 
area of each house installed solar heating system is 90̚210 m2 and the solar collector areas, volumes of 
water tanks in different houses are 14̚60m2 and 0.3̚1.5m3 respectively. The space heating type is low-
temperature radiant floor heating. One house which installs 24.21m2 flat plate collectors and uses 1.5m3 
volumes of heat storage water tank was tested by National Center for Quality Supervision and Testing of 
Solar Heating Systems (Beijing).  
The testing was done in whole winter from 2005 to 2006 and average room temperature is 12 ć 
during testing in winter when no other assisted heating energy source. In sunny day of January the room 
temperature is between 10ć and 15ćwhich can meet the comfortable requirement of the winter room 
temperature for peasants now in China. 
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Fig. 4. Solar heating combisystems in Guajiayu village of Pinggu District in Beijing 
2.3. Solar heating combisystem with seasonal heat storage in Urad Zhongqi of Bayannur City of Inner 
Mongolia Autonomous Region ( No.3 ) 
This solar heating combisystem is for a district heating plant to two residential districts ( Xinlongcheng 
and Jiahe ). The total apartments are 1520 and the total building area is 163,000 m2 in these two 
residential districts. The solar collector of this solar heating combisystem is glass-metal heat pipe 
evacuated tube collector. The design total areas of solar collectors of the system are 11994 m2 and water 
storage pool is 13250 m3, but in the first phase of the project only 5000 m2 collectors and the 3500 m3 
underground water storage pool were completed. The collector installation tilt angle is 450 and the solar 
collectors are faced to south.  
 
 
Fig. 5. Solar heating combisystem for a district heating plant in Urad Zhongqi 
 
After design scheme of this project was finished, a pre-evaluation for energy saving and environment 
effects of this project was given by design engineer. According to original design scheme, the heating 
load of the combisystem is 2315 KW, solar fraction is 40 %, so the total useful solar heat gain is 
8,208,876 KWh / year, including 3,342,518 KWh heat gain in heating season, 539,367 KWh heat gain for 
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heat storage in the pool and 4,326,992 KWh heat gain for hot water supplying in other seasons. When 
heat storage is over, the highest water temperature in the pool is 95ć. If working life of the combisystem 
is considered as 15 years, in whole life the total energy saving of the system is 18,633,150 KWh. 
2.4. Solar air conditioning system in Rear-Service Building of International Center for Competition of 
Sailing Boat in the 29th Olympic Games in Qingdao ( No.4 ) 
The total building area of the Rear-Service Building of International Center for Competition of Sailing 
Boat for solar air conditioning is 5800m2. 638m2 flat plate solar collectors are installed on the roof of the 
building. The slope angle of the collector is 25o. There are one set of 264 kW lithiumbromide absorption 
refrigerating machine and one 12m3 hot water storage tank in the system. The auxiliary heat source is 
steam from city heat supply network. The working temperature of lithiumbromide absorption 
refrigerating machine is around 80 ć and hot water temperature in output of solar collector is between 80
ć and 85 ć. 
In August, 2008 when the 29th Olympic Games was holding, National Center for Quality Supervision 
and Testing of Solar Heating Systems (Beijing) gave testing to this system from 1 to 10, August for 10 
days when the solar daily  irradiation is between 2 MJ / m2 and 21 MJ / m2. According to weather data in 
Qingdao from 1, June to 30, September when air conditioning is needed in buildings, the days of four 
kinds of solar daily irradiation ( H˘8MJ/m2, 8İH˘13MJ/m2, 13İH˘18MJ/m2, Hı18MJ/m2 ) are 21, 
18, 22 and 61 days respectively. Then the National Center computed the energy saving effects on the base 
of testing data in whole summer.  
 
Fig. 6. (a)  Qingdao International Center for Competition of Sailing Boat; (b) Solar collectors in solar air conditioning system on the 
roof of Rear-Service Building  
3. Energy saving effects of demonstration projects 
Energy saving effects of above 4 demonstration projects is shown in table 1. Among them the effects 
of No.1 No.2 and No.4 are given by testing results, but the effect of No.3 is got by computation results. 
The result of No. 2 is under the condition of 12 ć average room temperature in winter. The heat value of 
TCE is 29.308 MJ / kg and CO2 emission factor for 1 kg TCE is 2.47 kg CO2 / kg TCE.  
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Table 1. Energy saving effects of demonstration projects 
 
Project                              Solar fraction 
                                                   % 
 Energy saving 
(TCE) 
Decreasing 
emission of CO2 
(T) 
No.1 ( in one year )                   70 594            1466 
No.2 ( in one year )                  100   1112            2746 
No.3 ( in one year )                    40           2289            5654 
No.4 ( in one summer                23 
1, June to 30, September)  
29    72 
References 
[1] Xu Wei, Zheng Ruicheng, Lu Bin. Report on China Solar Energy in Building. Beijing: China Architecture & Building Press; 
2009. 
[2] National Center for Quality Supervision and Testing of Solar Heating Systems ( Beijing ), Testing Report for Solar heating 
systems in the peasant houses at some villages in Pinggu District of Beijing; 2009. 
[3] National Center for Quality Supervision and Testing of Solar Heating Systems ( Beijing ), Testing Report for Solar air 
conditioning  system in Rear-Service Building of International Center for Competition of Sailing Boa t in Qingdao ; 2008. 
 
